Introduction.-Doubly refracting material is of very widespread occurrence in the animal body. This indicates either a high degree of orientation in the molecules and colloidal micellae, or the presence of oriented swarms of minute crystals. A colloidal solution of gold or silver may show no double refraction, although composed of a multitude of small crystals, but if these crystallites are lined up in an electrical field double refraction occurs. In the body many mechanical and electrical forces tend to orient the colloids and they accordingly often show double refraction whether the micellae of which they are composed are molecules or crystallites.
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The doubly refracting substances in the body are both inorganic and organic. The inorganic crystals present are almost always calcite or aragonite, two forms of crystalline calcium carbonate. The shells of molluscs, eggshells, the spicules of sponges, the spines of sea urchins, pearl, and coral contain either calcite or aragonite and give x-ray diagrams characteristic of a microcrystalline condition. Bones and dental enamel also contain calcium salts in crystalline form and the x-ray diagrams from bones show characteristic changes with age and pathological condition. ' Many organic substances also show very marked anisotropy. Spun fibres such as silk, cocoons and cobwebs are composed of crystalline micellae. The forces involved in secretion align the micellae which crystallize after secretion. These fibres, as well as natural cellulose fibres and some types of rayon, show x-ray diagrams indicating a regular arrangement of crystallites with respect to the fibre axis, and the more perfect the fibre pattern the greater the strength and durability of the fibre.
In the animal body chitin, collagen, elastin, spongin, fibrin and the muscle proteins show a double refraction which indicates an alignment of the colloidal micellae. Whether these micellae are crystalline or not may depend on their temperature, acidity and state of hydration. As their appearance under crossed nicols is the same whether they are in liquid crystal or solid crystal condition evidence on this point can.only be obtained from x-ray diffraction patterns.
Significance of X-Ray Diffraction Patterns.-The apparatus used to obtain pin-hole diffraction patterns was described in a previous article.2 A narrow beam of monochromatic x-rays from a molybdenum tube, after s' C' FIGURE 1 X-ray diffraction patterns from white fibrous tissue (tendon from forearm of dog); (a) fresh, moist, unstretched, 2nd order zone with 3rd order zone faintly visible, (b) fresh, moist, stretched, arcs on edge of 2nd order zone in direction of stretching, (c) stretched and dried, arcs left but no zones. As the untouched photographs do not reproduce well a' b' c' are also given which are prints from the same negatives as a, b, c, with the arcs and zones intensified.
passing through two pin-holes in sheets of lead, falls on the specimen under observation, and produces a diffraction pattern on a photographic plate placed a short distance beyond the specimen. It VoL. 14, 1928 an increase in cohesion and resistance to extension and account for the strength and rigidity of fibrous tissue, just as the presence of oriented crystals in silk and natural cellulose fibres increases their strength and durability.
Elastic tissue does not form crystals with moderate stretching although they may appear at the limit of extension. Contrary to Herzog and Gonell6 the x-ray diagram for elastin gives a different molecular spacing from collagen. The ligamentum nuchae of the sheep gives a larger spacing than white fibrous tissue and the ligamentum nuchae of the dog, where elastic tissue is less well developed, has a molecular spacing intermediate between the other two. The zones due to elastin disappear on drying and the very indefinite zone left with the dried ligament may be due to fat or fatty acid molecules as the dried ligament, especially in the dog, is very greasy and the spacing of 4.0-4.6 A.U. is in the neighborhood of the dimensions given for the diameters of some of the fat and fatty acid molecules.
Conclusion.-X-ray pin-hole diagrams with fresh, moist tendons and ligaments show that collagen and elastin exist normally in liquid crystal form but that collagen undergoes a reversible crystallization in tendons when they are stretched. The formation of solid crystallites in a stretched tendon probably increases its cohesion and marks the limit of its elasticity. 1 Clark, G. L., Radiology, 10, 1928, 185. 2 Clark, J. H., Amer. Jour. Physiol., 82, 1927, 181. 3 Katz, J. R., Kolloid Zeit., 36, 1925, 300; 37, 1925 37, , 19. Naturwiss., 13, 1925 4Clark, G. L., Applied X-Rays, 1927, McGraw-Hill. 5Katz, J. R., and 0. Gerngross, Naturwiss., 13, 1925 , 900. Kolloid Zeit., 39, 1926 Gerngross, O., and J. R. Katz, Kolloid Zeit., 39, 1926, 181. 6 Herzog, R. O., qnd Gonell, Ber. Deutsche Chem. Gesell., 58, 1925 , 2228 A In previous publications' it has been shown that in excitation and exhaustion, as revealed by the microscope, marked changes occur in the different cells and tissues, notably in the brain and liver, these changes being especially manifested by alterations in size and in differential stainability.
We have also found that in excitation and exhaustion the electric conductivity, capacity and temperature of different tissues, notably of the brain and of the liver, are altered.23
These and other considerations have suggested that the biologic units
